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Plate—I I
The clay mineral montmorillonite (commonly called bentonite) displays 
an expansion in c-axis spacing depending on size and the charge of the exchangfi- 
able cations (Barshad, 1950) and the adsorbed water molecules (Grim, 1953) 
between the negatively charged silicate layers. The extent of expansion depends 
on the interaction between the binding force, which acts from layer to layer through 
the interlayer cations, and the expansion force created by the adsorption of the 
water molecules on the interlayer surfaces (Jonas, e t  a l  1960).
In the present note, it is reported how the dielectric properties vary with 
the c-axis expansion in different complexes of bentonite brought about by the 
cation exchange process. To observe the variation in the c-axis spacing (rfooj) the 
powdered raw sample (England) was sieved through a 200-mesh screen and brought 
in suspension in water. The complexes of the mineral with Li+, Na+, K+, 
Mg*+, Ca*+ and -ions were made by percolating the suspension through 
different columns of the cation exchange resin (IR 120, Amberlite) previously 
converted into the desirable cation forms. All the samples were dried under same 
relative humidity and the X-ray photographs were taken with CuK q radiation 
(using Ni-filter) in a Debye-Scherrer camera of radius 9.956 cm. One such photo­
graph is shown in Fig. 1.
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The loss-taiigent (tan and the dielectric constant (e') of the above clay- 
complexes were measured at 30°C with the help of a Q-meter within the range of 
frequencies from 100 Kc/soc to 4 Mc/sec following the same method as adopted 
previously by the author (Ghosh, 1962). The relaxation times (t) for these samples 
were then determined from the frequency o£|maximum absorption and hence 
the values of molar free energy of activation fo| dipole relaxation were calculated
from the formula, k T ~~ ‘sexp molar free energy of
activation and the other symbols have their sual significance. The values of 
relaxation time for H, Li, Na, K, Mg, Ca and| i- complexes are 6.10X 10~’ sec., 
7.53 X 10""^  sec., 1.03 X 10^ ® sec., 1.05 x  lO”-* se<j 4.81’x  10~  ^ 6.10 X 10“’ see.
and 7.53 X 10“’ sec. respectively.
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Fig. 2. Variation of dooj and with cationic radius.
The observed variations of the c-axis spacing (^ ooi) activation energy 
(AG*) with tho radius of the cations is shown in Fig. 2 for monovalent and divalent 
cation complexes , and can be understood in the following manner : Since the 
molar free energy of activation is found to incroase with the cationic radn, it 
can bo said that the binding with tho twn silicate layers is stronger for the larger 
cations and for more polarizable ones in these cases. This is consistent with 
the observation that there is a gradual decrease in c-axis spacing with the cationic 
radii in the case of monovalent and divalent cations except for Ca*+-ion. This 
decrease of spacing indicates that tho binding force, acting through the charged 
material between the silicate layers, gradually increases with the radius of t ^  
cations. In  case of Ca-complex (having larger spacing than Mg-complex) the 
increase in activation energy may be due to the fact that Ca*+ is more polarizable 
than Mg*+ which ineieases the activation energy. '
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A  significant feature is to bo noted from Fig. 2. Considering the valencies 
of tlio cations liaving nearly the same size, viz., (Mg®*+, Li+), (Ca*+, Na+), (Ba*''-, 
K+) etc., it can i)c seen that the activation energy for the divalent cation is leas 
than that for monovalent cation for each of the Sepairs. This indicates lowering 
of binding between the silicate layers in case of divalent cations. Tliis lowering 
of binding energy is evidently due to the increase of spacing by the greater adsorp. 
tion of water molecules between the silicate layers for divalent cation-complex.
My sincere thanks are duo to Professor S. R. Khastgir, under whose guidance 
the present work was carried out.
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